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Reindeer (Rangifer tarandus tarandus) belong to the cervidae family. They were first introduced in Canada (Alaska & Newfoundland) from Eurasia between 1891 in 1908, where they were and are still kept as free ranged animals. In the 1970’s reindeer were first introduced in Alberta, Canada (Alberta reindeer association, 2004). This relocation has had a big impact on reindeer, since the southern part of Canada is home to a different spectrum of pathogens then the north.  For instance the winter tick (Dermacentor albipictus), which is well established in central Alberta (Drew and Samuel, 1986), but does not exceed the northern limit of 60° (Wilkinson, 1967; Drew, 1984).  Although there are reports saying that Dermacentor albipictus has been found in Yukon, Canada since 1990, this is thought to be a problem associated with the introduction of elk in this region during the late 20th century (Workshop, 2008).  Reports from Randall and Samuel even state that Dermacentor albipictus may reach as far north as 62° latitude, but is not a natural inhabitant of Alaska (Zarnke, 1990; Samuel 1989). When reindeer were relocated to Alberta, they were moved into the range of Dermacentor albipictus (Drew et al., 1990), thus for the first time creating problems with the winter tick in captive reindeer (Welch et al, 1990; workshop, 2008). Although moose are the major host of the winter tick (Drew and Samuel, 1989) large numbers of Dermacentor albipictus have been observed on captive reindeer over the last few years (workshop 2008). 
Dermacentor albipictus is a one-host tick, which overwinters on its hosts. The winter tick infestation is sharply seasonal (Mooring and Samuel, 1998a). Larvae feed during 10 to 15 days in September-October and turn into nymphs, who moult to adults in January-March and engorge from March-April, but may be present on the reindeer from October-March (Glines and Samuel, 1989; Mooring and Samuel, 1998a). From March-April the engorged females fall from their host and lay eggs in June, which hatch during August-September. Larvae ascend the vegetation in September-October, from where they attach to their host & start feeding (Drew, 1984).  The period between the summer hatch and the host seeking of the larvae is best described as quiescence and appears related to weather factors (Wilkinson, 1967), photoperiod or a combination of those two (Drew and Samuel, 1985). Larvae that do not attach to a host in autumn, will not survive the winter (Drew and Samuel, 1985), so in spring, before the engorged females drop from their hosts, the pasture should be clean of larvae. When the hosts are removed from the pasture before the engorged females drop off, the pasture should remain clean of larvae during the following autumn. This theory created the idea for pasture rotation, where a pasture is supposed to be clean during autumn once it has not been used the previous spring. The objective of this research is to see what the effect of pasture rotation on the winter tick infestation of the pasture is. 
MATERIALS AND METHODS
Description of study site
This research was conducted at a reindeer farm in central Alberta. On this reindeer farm a major tick infestation was diagnosed during the winter of 2007-2008. The pasture at this farm was subdivided into three different subsections (see figure 1). Two of these three pastures were vacant during the previous six months, the third one was occupied by the infested herd during the six months prior to this research.  
 
Figure 1, Map of the study site
Experimental design
At the start of this research, on August 29th 2008, the reindeer herd consisted of 31 reindeer. At that time, half of the herd (13 reindeer, 8 females and 5 males) was housed on the same pasture the animals were foraging during spring 2008. This pasture is indicated on the map (figure 1) as the right pasture and is expected to be the infested pasture, making this the control pasture for the effect of pasture rotation in this study. The other half of the herd (18 reindeer,  9 females, 8 males and one calf), were moved to a pasture not used during the six months (since February 2008) prior to the experiment, and is therefor the expected uninfested pasture. This pasture is the testing pasture for the effect of pasture rotation and is indicated on the map (figure 1) as the left pasture. The splitting of the herd was done according to the sequence in which the animals passed the chute, making sure that both groups contained a proper male/female ratio. In the course of this research, reindeer from the middle pasture were also allowed on the left, also vacant over the past 6 months, pasture. On October 21st, all the animals were joined together as one group with access to all three pastures.
Movement and activity of larval ticks
The infestation of the pastures was monitored by flagging. Flagging entails dragging a white cotton sheet, which measures one meter by one meter (= one square meter), on a pole over the pasture for 20 meters (Drew and Samuel, 1985;, Xiaohong Li and Dunley, 1998).  20 to 26 strokes were flagged on each pasture, depending on the size of the pasture. As indicated on the map (figure 1) five or six flagging sites near the fence were previously indicated, the other ones were randomly chosen. The dragging of the flag was executed at an equal speed and as close to the vegetation as possible. Once these 20 meters had been flagged, the flag was turned over and the larvae were counted with the naked eye. The average effectiveness of the flagging technique is thought to be 16%, although there are some small differences in the execution of the technique ( see Drew and Samuel, 1985; Drew, 1984).  Some larvae were collected from the flag for determination. The flag was used multiple times on the same pasture, but cleaned thoroughly and checked for any larvae left in between flagging procedures. At least one different flag was used for each pasture. This procedure was repeated on all three pastures every two weeks from September sixth until November 27th .  Due to unrelated health problems of the reindeer it was decided to terminate the study at the end of November. The flagging was conducted five times during the trial period, on September 6th, September 29th, October 24th, November 13th and November 27th, starting around 11 o’clock AM with the right & left pasture. The middle pasture was flagged in the afternoon, around 2 o’clock PM. 
Collection of weather data
Temperature and precipitation data from January 2008 until January 2009 were obtained from weather online (www.weatheronline.co.uk (​http:​/​​/​www.weatheronline.co.uk​)). The other weather factors, like kind of precipitation and approximate wind speed were registered on days of flagging by own observations.

Determination of the ticks
During the flagging, some ticks were collected from the flag for determination in the lab. These larvae were placed, widely distributed, in a plastic container. The larvae were examined under a light microscope. In case there was a fresh dead reindeer present on the study site some hide would be collected from this reindeer for fur digestion within the scope of another research to determine the number of nymphs present on the fur at that time, as described by Welch (Welch and Samuel, 1989). The nymphs gathered from these pieces of fur would also be determined using a light microscope as stated by Samuel (Samuel, 1988) as well as send to the Agriculture and Agri-Food Canada department of Medical-Veterinary Entomology in Lethbridge. 
Statistical analysis
For the statistical analysis the program SPSS is used. In case the data are not normally distributed, a non-parametric test, the Kolmogorov-Smirnov test, will be used to assess whether there is a significant difference between measurements.

RESULTS
Infestations of the pastures 
Larvae from Dermacentor albipictus were recovered from all three pastures during the period of observations from September 6th 2008 until November 27th 2008, as shown in figure 2. On September 6th (week 36) the
 
Figure 2, Median number of tick larvae on pasture
right and middle pasture were flagged and at that time no larvae were observed. On September 29th (week 40) the animals from the middle pasture also had access to the left pasture, so from then on all three pastures were flagged. At this time all pastures were positive for larvae, and there was a significant difference in the infestation of the left pasture (median was 1 larva per 20m2) compared to the right and middle pastures (respectively 6 and 9,5 larvae per 20m2). This difference between pastures had increased even more on October 24th (week 43) when the median number of ticks on the right and middle pasture was respectively 21 and 23 larvae per 20m2 and  the median of the left pasture was 2 larvae per 20m2. During the entire trial period a significant difference was observed between the left and the right pasture. There was also a significant difference between the middle and the right pasture for all the data flagging was executed. 

Pastures over time 
When looking at the tick infestation of the pastures over time, there is a rapid increase in number of larvae on all three pastures from September 6th (week 36) until October 24th (week 43).  After this time there is again a rapid decrease in larvae numbers, as shown in figure 2 and 3. 


Table 1, Table with median number of ticks on pasture & maximum temperature.
Weather influences 
Figure 3 shows that maximum temperatures during the day were not below zero until December, except for two days (November 19th and November 20th).  The last larvae tick count for this research was November 27th, and there has been no flagging during days when it was below zero degrees, as shown in table 1. There was no snowfall during the trial period, so the effect of snow on the activity of the larvae can be excluded. Wind is another factor which may influence tick activity and the effectivity of the flagging technique. Especially during the sampling of November 13th, there was a strong wind present.  

 Figure 3, maximum daily temperature
Tick determination




Infestation of the pastures 
Pasture rotation does appear to have a significant effect on pasture infestation with Dermacentor albipictus. It may not completely eliminate the infestation, but can significantly reduce the numbers of tick larvae on the pasture. Nevertheless, some comments should be made to those findings. 
Even though there is a significant difference between the left and middle pasture compared to the right pasture, which may be disguised by small sampling size, an explanation is needed as to why pasture rotation only reduces the tick numbers. There is the possibility of mechanical transmission from the right to the middle pasture, such as the farmer and his equipment moving between pastures, the wind or wildlife.  Wildlife, like birds and rodents, but also humans, may not be natural hosts of Dermacentor albipictus,  but they can pick up the larvae and lose them at another location (drew, 1984). All these factors may have attributed to the infestation of the middle pasture. The mechanical transmission may also contribute to the understanding why the middle pasture was more contaminated than the left pasture. Geographically, this middle pasture is in between the left and right one, meaning this pasture is first past by wind and wildlife. 
There is also the llama, which was placed on the middle pasture during spring, after having killed one of the calves. Llama’s are not believed to be one of the natural hosts of the winter tick, nor is it proven that they are not one of the hosts of this tick. For that reason it could well be that during the time the llama was placed on the middle pasture, he was shedding engorged females and therefore infesting the middle pasture with larvae during autumn. The initial plan was to check all the reindeer for winter ticks by shaving them in December. During this procedure, also some fur from the llama would be checked for ticks, but this could never be executed.
In September 2008, reindeer from the middle pasture were also allowed on the left pasture. It was decided to do so, because the middle pasture didn’t provide all the nutritious and shelter requirements needed for the animals. However, this should not have an influence on the results, seeing as both the left and middle pastures were not used since February 2008 and were therefor both expected to be clear of winter tick larvae in autumn. On October 21st the animals from the left and middle pasture were grouped together with the animals from the right pasture. From that time on, all animals had access to all three pastures. At that time, the animals from the right pasture probably were infested with Dermacentor albipictus so there is always the chance that some of these larvae fell of their host and re-infested the pasture. Nonetheless, previous flagging activities have shown that the middle and, more restricted, the left pasture were already infested on September 29th, before the groups were combined, proving that the infestation of the pasture with the winter tick could not be eliminated, although it can be reduced, with pasture rotation. 
Infestation over time 
According to previous research larvae numbers show a rapid increase in early to mid- September in response to frost, photoperiod or a combination of photoperiod and above-freezing soil temperatures (Drew and Samuel, 1985). In this trial the rapid increase of tick larvae was somewhat delayed, although it is difficult to draw these conclusions based on 5 samplings. A possible explanation might be that there was a very mild autumn, thus not yet stimulating the larvae to become active. 
Influence of the temperature 
Since western Canada has experienced long and warm autumns and early snowmelt in the spring, it is possible that survival and transmission of Dermacentor albipictus is enhanced (Welch et al., 1990a; de la Fuente et al., 2008). Results by Drew and Samuel indicate that when temperatures are above 10°C, all larvae are active. When temperatures drop between 5-10°C, larvae are activated by little disruption, like dragging a flag. At temperatures from 0°C to 5°C larvae need a stronger stimulus, like repeated exhalation (Drew and Samuel, 1985). 
Except for the last fagging procedure, all observations were made during times when the temperature only required no or little stimulation (like dragging of a flag) of the ticks to activate them, as shown in figure 4. Only during the last observations on November 27th (4°C), temperatures might have been low enough to inactivate ticks by temperature (Drew and Samuel, 1985).
Effectiveness of the flagging technique
One of the biggest challenges with the flagging technique are weather circumstances. Rain or wet snow makes it impossible to flag a pasture, because the flag will not hover over the vegetation and ticks will hardly attach to the flag once it is wet. Another difficulty is hard wind. Not only will wind make it difficult to keep the flag in contact with the vegetation, but there is also the chance that the wind will blow the ticks off the flag (McPherson et al., 2000). Hard wind may also cause the ticks to be blown off from the vegetation, making the flagging less representative (Drew and Samuel, 1985).  Wind speed is however positively correlated with clump height of ticks (McPherson et al, 2000), making it likely that ticks are more active during hard wind. The strong wind of November 13th could be the reason why the tick count on that day was close to the tick count of November 27th, but should actually be higher.
Another factor which may influence the effectiveness of the flagging is the length a flag is dragged. When tick density is increased to three ticks per two m2, the maximum length to be dragged is 10 to 20 meters. If the dragged area has a rough surface, this should even be reduced to four m2, to ensure not too many larvae will be brushed of the flag during the flagging (Xiaohong Li and Dunley, 1998).  It could be that the length the flag was being dragged in this trial was too long for the density of the ticks. Beside the density of the tick, also the density of the vegetation is of importance for the flagging effectiveness. Flagging is less effective in dense vegetation compared to sparse vegetation. Rougher vegetation may cause more ticks to detach from the flag. The longer a distance is flagged, the more ticks will be brushed off and the less representative a larvae count will be (Xiaohong Li and Dunley, 1998). For this reason it might be a good idea to correct the flagging distance for the amount of larvae present and the roughness of the vegetation. 
Tackling Dermacentor albipictus 
The number of winter tick on captive reindeer is extremely high, possibly due to unnaturally high transmission rates in captivity (Welch et al., 1990a). Once a pasture is infected with the winter tick, it might be difficult to get rid of the tick. One of the strategies to remove to larvae is by burning the vegetation of the pasture. Prescribed burning in spring reduces numbers of Dermacentor albipictus with 97% (Drew et al., 1985). Other methods might be to medicate infested animals with an antiparasitic (workshop, 2008). Best is to prevent an infestation, by taking hygienic precautions and only adding new animals to the existing herd during the time when they don’t carry any ticks with them. The lifecycle of the winter tick on moose entails that they are tick-free from mid-May until September (Samuel, 1988). Presumably, since this is mostly determined by the tick’s life cycle rather than the host, approximately the same is true for reindeer (Drew, 1984), so this might be the best time to add new animals to a tick free herd.  As stated in this report, tick numbers can also be reduced, but not eliminated by pasture rotation.
Suggestions for future research
Since it was not checked if the left pasture was infested during the previous year, it could be that this pasture has always been clean and for that reason is showing lower tick counts at this time. Maybe the vegetation on the left pasture is different from the other two pastures and therefore less attractive to ticks. This thought is strengthened by the fact that during the first few observations there was a difference in body condition between the animals placed on the left and middle pasture compared to the animals on the right pasture. This may be due to a difference in nutrition, possibly arising from a difference in vegetation present on the different pastures. Because of the influence of the vegetation on the presence of larvae, it might be interesting to make a quantitative description of the shrub/herb strata of the pasture in future research. Drew states in his thesis that high numbers of larvae were found on grass, possibly reflecting the high appearance of grass in the shrub/herb layer of the pastures included in his research. The largest clumps of larvae were found on aspen in spite of its low appearance, possibly indicating a preference for this species of vegetation, but there is no proof for a specific winter tick preference (Drew, 1984). 
What kind of vegetation is present on the pasture should be determined, but also the height of the vegetation could be of importance (McPherson et al,, 2000; Drew and Samuel, 1985; Drew, 1984).  The density of the vegetation (Drew and Samuel, 1985; Xiaohong Li and Dunley, 1998) may too be of influence on the number of tick larvae present at the study site and the effectiveness of the flagging technique. 
It would be preferable to continue flagging until no more larvae are found on the vegetation with a zero-measurement. It would also be advisable, when setting up such an experiment, to check all the baselines. For instance, in this research, check if all the pastures were in fact infested during the previous year. 
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Background Information for development of a Winter tick (Dermacentor albipictus) Risk management Plan for the Yukon. Winter tick workshop June 3-4, 2008: Background information























Figure 4, larvae Dermacentor albipictus

Figure 5, Nymph Dermacentor albipictus
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